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TrErMAL CONDUCTIVITY OF EARTH MATERIALS
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Ocean surface
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‘igure 13-6

{eat flowing out of the sea is measured by plunging
. core tube about 10 meters long into the sediments.
“hermometers on the side of the tube record the
emperature increase with depth, and the thermal
onductivity of the sediments is measured when the
ore is retrieved. The product gives the heat flow.
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Fig. 6. Identifiable magnetic anomalies in Indian Ocean. For sources, see text. Hachures represent shoal regions of
Figure 1.
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SCLATER ET AL.: OCEANIC AND CONTINENTAL HEAT FLow
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Fig. 5. Heat flow values plotted as a function of age on the Galapagos spreading center. Only those values which are
on oceanic crust of well-defined age were used for this plot. Circles represent heat flow values. Pluses are I-m.y. means.
The long-dashed curve is the heat flow expected from the thermal model of Parsons and Selater [1977], and the short-
dashed curve connects the mean of the observed data [after Anderson and Hobart, 1976).
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FIGURE 2.27  This diagram shows how the composition of pla-
giloclase changes with temperature, which increases upwards. The
composition of a crystal forming at any temperature of interest can
be read by looking at the lower line, which separates the region
marked “solid” from the one marked “crystals and liquid.” For
example, at about 1325°C a newly crystallized plagioclase has a
composition 60% of the way between NaAlSi,O, and CaALSi,O,, or
Nay ,Cay Al 651, Op:



FIGUIRE 8,12 Estimated average geotherms in continental and
oceanic lithosphere. The convecting mantle is nearer to the surface
in the ocean basins than under the continents, so high temperatures
are reached at relatively shallow depths.
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TEMPERATURE
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lithosphere
= rigid -

e e

il Hot asthenosphere
(= plas_tic
f i i \"Héat'firanéféri’ed e
Depth S _-"-__?yi%wgverr}ent, e

|\ convective geothermal -~
v\ oy gradient 0 3/km) f

Figure 2.7
Simplified diagram of temperature vs. depth (cf. Fig. 2.6) illustrating the rela-

tionship between heat transfer and mechanical structure within the mantle. The
heat is transferred by diffusion (conduction) in the rigid lithosphere and the
boundary layers at depth and by movement of material (convection) in the con-
vection cells. The different slopes of the geotherms (cf. Fig. 2.6) correspond to
the different types of transfer. The thicker line (solidus) corresponds to the onset
of melting in the mantle (cf. Chap. 6). The dashed line illustrates the path of a’
plume rising from a deep boundary layer. It intersects the solidus at great depth,
which may explain the abundance of melting (Chap. 6)
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Path taken by a
peridotite in the
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120 40 000

Figure 6.6
Diagram of the evolution of temperature and melting of a mantle peridotite dur-

ing ascent to the surface. The trajectory follows the white arrows from botton Lo (op.
Rising within the dry asthenosphere (dark red), the peridotite starts 1o melt when
it crosses into the lighter-coloured areas. The increasing degree of melting is
indicated by inereasingly lighter red colow. The diagram contains (wo other picces
of information: In the “solid” domain (dark red), depending on the depth, the
seridotite may contain garnet (below 75 km), spinel (30-75 kin), or plagioclase
(above 30 km). 1, 2, and 3 correspond respectively to three possible trajectorics,
depending on the depth at which the rising peridotite becomes incorporated in
the lithosphere (cf. Chap. 8)
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FIGURE 55 The creation of oceanic lithosphere. Material from the mantle rises beneath
a ridge axis. During its ascent melting occurs and the liquid thus formed rises faster than
surrounding unmelted material. Near the surface the liquid (which forms the crust) cools
and interacts with seawater. Then the liquid and residual material spread horizontally
away from the spreading axis. On the bottom is a block diagram of a slow-spreading ridge
(spreading at, say, a rate on the order of 2 centimeters per year) that shows how the
processes of lithosphere creation may occur in a more realistic scenario.
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Figure 19.12 Most
divergent plate boundaries
are situated along the crests
of oceanic ridges.

Crest of mid-ocean ridge
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INDIAN
OCEAN

Figure 5.3

The Oman ophiolites (deep blue) and the Hawasina sediments (yellow), both
thrust together onto the Arabian Shield. To the NNE, in the Gulf of Oman, the
front of the Makran subduction zone is shown by the thrust symbol. Still farther
north, in Iran, there is a volcanic arc genetically related to this subduction.
Section A-A’corresponds to e in Fig. 5.4



f - and in the year 2.001.994...

a- 100 Ma ago

Figure 5.4 a-f

Profiles illustrating the obduction of the Oman ophiolites from their formation
about 100 Ma ago (a) to the present stage (e), along line A-A’ in Fig. 5.3. (f) The
collision about 2 Ma from now in the future is shown. (After A. Nicolas 1989,
Structures of ophiolites and dynamics of oceanic lithosphere, Kluwer Ed., 367 p.)
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ire 6.6
jram of the evolution of temperature and melting of a mantle peridotite dur-
ascent to the surface. The trajectory follows the white arrows from bottom to top.
1g within the dry asthenosphere (dark red), the peridotite starts to melt when
osses into the lighter-coloured areas. The increasing degree of melting is
zated by increasingly lighter red colowr. The diagram contains two other pieces
formation: In the “solid” domain (dark red), depending on the depth, the
lotite may contain garnet (below 75 km), spinel (30-75 km), or plagioclase
ve 30 km). 1, 2, and 3 correspond respectively to three possible trajectories,
nding on the depth at which the rising peridotite becomes incorporated in
thosphere (cf. Chap. 8)

Pressure (in atmospheres)
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top and the bottom of the lower mantle.
The dashed line indicates a chemical and
dynamic boundary between the upper and
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FIGURE 8.1 Four and a half billion years ago a lot of debris,
ranging in size from dust to asteroids, still orbited the young Sun.
Collisions between these materials, called planetesimals, were fre-
quent. As planctesimals gradually accumulated to form larger bod:
ies, these developed stronger gravitational fields and began to
attract more particles from nearby space. Each impact added heat to
the planet and buried earlier hot rocks under a new blanket of
debris. According to some estimates, the Earth could have grown to
full size by this process of aceretion ina few tens of millions of
years. Long before it did, the planet had become so hot that its outer
region melted completely to form a global-scale ocean of magma



Solid, but
much hotter //°
toward the s

IGURE 8.2 Liquid iron/nickel, separated from the outer por-
tion of the yaung Earth, gradually settled toward the center of the
planet because of its high density. As it “fell” through the mantle
and had to overcome its viscosity, some of the metal’s energy of
motion was converted into heat. This “iron catastrophe” was a sec-
ond source of gravitational heating in the young Earth.



,' |
|
2 |
3 /
© |
@ |
Q.
E /I !
()] [ ,
=
' |
| |
MANTLE 'f OUTER CORE I INNER CORE
(b)
N | |
[ |
Q [
=
©
[¢})
Q.
E
@ !
-l l
|
' r
] |
MANTLE l! OUTER CORE I' INNER CORE

Figure 7.22. Schematic of possible
melting temperatures for the mantle and
core and the actual temperature profile.
Heavy line, melting curve; lighter line,
actual temperature profile. (a)
Chemically homogeneous core. As the
core cools, the inner core grows. (b) The
inner and outer core have different
chemical compositions and hence
different melting temperatures. An outer
core composed of an Fe—S or Fe—O alloy
would have a much lower melting
temperature than a pure iron inner core.



QAIND
jutod Sunjow

jusIpeid
amjerodwy) ————

dinjeradwo |,



"Jussaud sy} wouy yoeq
painsesw awl jo suonouny se Moy PUB ‘Y], Nggs ‘Nggz S@dO}OSI 8ANOROIDR)
8yl jJo Aeosp syl oy enp sajes uononpoud jesy spuew UBSN p-p ainbig

(1A g0L) 7
14 £ 4 L

_ _ — nS ———= O

(,-B3im 0oLl

I l I |

¥ . SINIW3T3 IAILOVOIaVH 40 AVO3Ad JHL A9 NOILYH3INTD 1v3aH



— ~nfins %‘Rén\i!w.%o ¥~ b;sﬁs/@\x N;r_\_:mb\\d p‘%\%\w\

§39 (%) 14Som S2d (%) 14Som

; 001 0 9 14 174 0 001 08 0 ot 0z 0
| JusIapip — T T T 1 008t e I .

9Ie s9[eds arnjeradwa) Sod + o4 | _

OM3 31 Jey) 210N (*SL61

UBWI[3sS() WOy Bleq) “(Yeqy —] 000z Sed + 94 —] 008

-1) Arepunoq spuew—s105 ay) — —
Jo a1mssard sy 03 pajejoderixs dINOIT+ o R ki | 886
— 005z 0001

(9) pue ainssard une ainorl

ainoIt _|
[ 32 (e) sarnpaw go,4—3,4 Jo

)
Suoneal 3unpy 979 amsiy +od

i p— ainodIt + o4

— 00S€
amnoi1

— 0021

(Do) @amrIodWwa |



SAIND

jurod Sunjowx

JjuQIpeI3
[ewIay] 91qIssod — — ——

aInjerodwa



¢-0

Y3es JO SnIpel/snipey

$-0 9-0 8.0 0-1
I _ 0
FTINVIN
0001
w\oW
R
Sl 0002
e
;@@ — 000¢
X
o>
e
07¢
—! 000+

— 000§

(Do) 2njeradwo]

('SL61 uewass) woij ereQ)
"9100 13)1N0 Y] ul aunjeiadwa)
Y1 uo sy apraoad

SIAIND Om) Y] “Arepunoq
2109 131N0/3109 1auul

oY1 1B (S3d %1+) S %S1 01 pue
A1epunoq spuew/s100 ay) e
(S34 7%8p) S %S°L1 03 sadueyd
I “ooryans oY1 1k (S94 ¥,5L)

S %LT st uonisodwoo o1199)n3
Y3 ysnoyy yeyl 9'9 ‘Sig

WO} 3JON "YuIeq Y] Ul $3AINd
Sunpsw onoaINs -0 pue

94 jo uoneirep /-9 aInSiy



SH313WOTIA 00S

SN 008

oeL 0oL 06 0L 0s 0%

H3L3W I-HVNOS H3d SLLYMITUW NI ‘MO Lv3H 30¥=ENS

T

A

IIlIlIIIIIIIIIIlIJ,Ill_lll.

wn
N—I_I‘ll||1ll||llllll||ll|||

(=]

00e 0st 001 s
SNIST30 §238930 NI 'SHNLYE3dNIL

=
Y

40

Hld

'

SHILIWOT NI

FPIMPA0M 1STLD [RIURUIILGD 10 Mo][ 1D3Y 23D134D Y1 O juappamba

s1 sumunoy Yooy ay1 fo 1502 naan iyl 10f umoys mopf may 3y |
(sumunopy K20y oyl fo 1502 pun ‘saInIS £gInau pun DpPAIN

Jo paun uipjunow aping ‘aouiaoid anydnasos{yd asuny pun
WISDE ‘DPPAIN DILDIS) SAIDIS PAITUL) Y1 fu SDAUD L3]S

pun suo1¥as pnosq 10 Ylng 3yl wolf surdnasa 103y

Jo junown ayi u1 $22ua43[fip 210415011 10yl MO

102y JuaInAINha pun SIURIPDLS [DULIYINIT)




90In0say [einieN & se AZ1oug [euRylosn 9

SH3ILIWOTIM 005

|
[
S3TIN 00S

0cL 00L 08 0L 05 or

H313W 3HVYNOS Y3d SLLYMITIW NI ‘MO14 LvaH 30vd4ns

!lllI||III||||I||1|!|||1

_.__.__.__._____»—____

IRWE FEEWE NREEE FNTEE RE R

0se

002 0st 0oL 0s
SNIST13D $334YD3A NI 'IHNLYHI

o

m:l

e

I=

Hld3a

SHILIWOM NI

PPIMPIIOM ISRLD [DjUUIIU0D 10f Molf 102y 28D43aD Y1 0} juaipamnba
ST SUIDIUnOpy &320y 2y1 fo 1502 DauD 2y 40f umoys mopf 1ay ay ¢
‘(sumunoyy yo0y ayi fo 1502 pup ‘saipgs dqunau pup ppnaay
Jo vaan winpumogy apng aouraoad onydoadorsdyd afuny pun
uISDg ‘DPDAAN Di43I1S) SIS patiun Y1 Ju spaup 43]Dwis
Pup SUOIS24 pooiq 10f yrang ay1 wosf Jurdnosa jpay
Jo runown ayy ur sasuauiaffip ansag iy moyf
103y JuzInainbs pun sjualppay Puaay10an)




| Coast Ranges
h? Sierra Nevada-Cascades
P 3 Basin and Range

4 Colorado Plateau e
. 5 Rocky Mountains o




. d 7d
lm/cf B
174
/:: 2
7 7 = 1 -3
S
e — el Al o 4 Mﬁ%f 45
. MOUL‘AL—UA' o Lems ammed Jde —
/w\,é_mW?.e._&L -4"’\— M?TJ‘
i~ i
I W = § —=
&/ﬂ’f‘f_ E a\hf\-a-mu\_t g-% /Ay.g{f: 4p€th¢,{¢L 7%

AL M/Low%wq 2/ 7 PZS 6/ %, O

é;, 1°C

I ndovie = 4. 18 T

(ondnctine  Auat Ll awitfin She  Sasth

/| _ ,

T T

CD(CL __.____\._’-B———V A/o MSS me
) p m / W
fvee e Cow? 7ov0 M




_Epas givipneed. by
- [frmrier s - -
col A w N
2 _ _ , - B
SRR
22 : o dennf T A AT
R )
o s T — T jl AT
== - = <
o 3—_“' S edr = g
ket floe = s conduchie g
X fenjrraTure  grmdaell
. \W,/M?_ W
/ ’V(/VL@.[ (ANO[AAC/%V( 1< —
°C /. e C
/Wtaﬁl—e/t/lrauQ A (W/m °C,3
Cu 4o J
Al 2do CeNdu vy
Fe so ?
OLVU] Yoct( 3 I
d
MO\EP— 0. G
J‘TI‘JZ ~ O.G ——;‘nju_[ﬁ‘{‘ﬂfj‘
styire from 0.03 .




TueryaL CoNDUCTIVITY OF EARTH MaTERIALS

T | I
a8 C
FoaGFum
|
& o0 = —
[t}
n]
- 7}
=
o
-
o
=
3}
< ~
x -~
005 — R |
-
34— A--T7
Kr & »
e
R
y
i I l | 1
500 1000 1500 2000

Tig, 5b. Total and radiative the

- circles are points messured at descen

using assumed values of xz.

T oK
rmal conductivities in olivine single crystal FosIau. Open
ding temperature. Solution below 900°K are obtained by

Fo92 Fag

=
o
- - -
v x
X
2 P p
5 1 1 !
300 1600 o, 1999 2000
+T K-
Fig. 6z. Photon mean free paih in olivine single crystal Fos.Fas, The open circle is a point

measured at descending temperatur
values of xz. The crosses are data o

FosFa.

e. Solutions below 1100°X are obtained by using assumed
f Fukao et al. [1968] for a crystal of olivine composition

6973



j‘a/f»// N S 13 #0 W/nu?’

- A P
Lo L @
9 —-—?V?—
i m

S TR

137 — s
Mmya(, oVl @ Wtﬁc& 3 7 = _374/-0-;:;

#ﬁ:‘f‘ o ‘ 'b\ .

740 x Yy (wau'uy)?“ - 1% 107 W

A/{.l).e,(ﬁo : 30 d)b L%(Q_,c:to@ ja.c,k_ /‘»\7% J/b’aL,Lr

%“P&V W ,(‘n ot\o*{%_t AU & sue ]%QSL
= AT K C el paduwetise Aaal

/7[(6\4‘ dM /fth#‘ﬂ-/l/?'ov ‘>

7?406& [ ?,efm <€ @ T/MZ;%OL c 200 C//em

7
Feurf T
’\ g /&%oxlﬂw—i © demanaled
Mfo*oém_,v\__)\\/————— by wmduchon

\\ _ Y AT lde ~ 20°C /b
=] e = #LQ_-M-O' : Mfd-mxi—h&—r‘i'd,w
) : | \ o ay : wb;ﬁ&‘w 5o Uicﬁ:éj‘

__\ (T %> - ¢ CLhm




T(°C)

100

Depth (km)

200 L
Figure 4-8 Temperature as a function of depth within the earth assuming
heat transport is by conduction (conduction geotherm). Also included are the
solidus and liquidus of basalt and the solidus of peridotite.

FIGURE 8.12  Estimated average geotherms in continental and
oceanic lithosphere. The convecting mantle is nearer to the surface
in the ocean basins than under the continents, so high temperatures
are reached at relatively shallow depths.
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FIGURE 55 The creation of oceanic lithosphere. Material from the mantle rises beneath
a ridge axis. During its ascent melting occurs and the liquid thus formed rises faster than
surrounding unmelted material. Near the surface the liquid [which forms the crust) cools
and interacts with seawater. Then the liquid and residual material spread horizontally
away from the spreading axis. On the battom is a block diagram of a slow-spreading ridge
(spreading at, say, a rate on the order of 2 centimeters per year) that shows how the
processes of lithosphere creation may occur in a more realistic scenario.
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Figure 5.8
Columns comparing the structure of the oceanic crust as defined seismically with

the two main types of ophiolites: the harzburgite type as illustrated by the Oman
ophiolites and the lherzolite type, by the Trinity ophiolites of California. (After
F. Boudier and A. Nicolas 1985, Earth Planet. Sci. Lert, 76, 84-92)
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Fig. 5. Heat flow values plotted as a function of a

on oceanic crust of well-defined age were used for this

The long-
dashed curve connects the mean of the observed data

ge on the Galapagos spreading center. Only those values which are
plot. Circles represent heat flow values. Pluses are 1-m.y. means.

dashed curve is the heat flow expected from the thermal model of Parsens and Sclater [1977], and the short-

[afier Anderson and Hobart, 1976].



